The ability of plants to maintain an intact water transport system in leaves under drought conditions is intimately linked to survival and can been be seen as adaptive in shaping species climatic limits. Large differences in leaf hydraulic vulnerability to drought are known among species from contrasting climates, yet whether this trait varies among populations within a single species and, furthermore, whether it is altered by changes in growth conditions, remain unclear. We examined intraspecific variation in both leaf water transport capacity (K leaf ) and leaf hydraulic vulnerability to drought (P50 leaf ) among eight populations of Corymbia calophylla (R. Br.) K.D. Hill & L.A.S. Johnson (Myrtaceae) from both cool and warm climatic regions grown reciprocally under two temperature treatments representing the cool and warm edge of the species distribution. K leaf did not vary between cool and warm-climate populations, nor was it affected by variable growth temperature. In contrast, population origin and growth temperature independently altered P50 leaf . Using data pooled across growth temperatures, cool-climate populations showed significantly higher leaf hydraulic vulnerability (P50 leaf = −3.55 ± 0.18 MPa) than warm-climate populations (P50 leaf = −3.78 ± 0.08 MPa). Across populations, P50 leaf decreased as population home-climate temperature increased, but was unrelated to rainfall and aridity. For populations from both cool and warm climatic regions, P50 leaf was lower under the warmer growth conditions. These results provide evidence of trait plasticity in leaf hydraulic vulnerability to drought in response to variable growth temperature. Furthermore, they suggest that climate, and in particular temperature, may be a strong selective force in shaping intraspecific variation in leaf hydraulic vulnerability to drought.
Introduction
Global mean temperatures are continuing to rise, with projected increases of between 1 and 4°C by 2050 (IPCC 2013) . These warmer conditions combined with greater climate variability associated with more intense heatwaves and drought (Wigley 2009 ) may push forest tree populations and species to the limits of their ecological tolerance. In many instances, climate change is expected to dramatically shift the climate niche currently occupied by species and entire families (Burrows et al. 2014 , González-Orozco et al. 2016 , as the rate of climate change is projected to outpace processes related to migration and genetic adaptation via natural selection (Jump and Penuelas 2005, Corlett and Westcott 2013) . Thus, the longterm survival of tree species may depend on whether they can adjust relevant phenotypic traits that enable survival under new climatic conditions, or, alternatively, whether they show adaptive genetic variation in traits linked to climate (Alberto et al. 2013 , Lamy et al. 2014 .
One trait relevant to survival under extreme climatic conditions relates to the ability of plants to maintain an intact leaf water transport system under increasing levels of drought. Drought stress causes tension (water potential; MPa) within the leaf to increase. This process can cause leaf water transport capacity to decline as a result of cavitation and the formation of embolisms or air blockages in the water conducting leaf vein xylem (Johnson et al. 2009 , Brodribb et al. 2016 , and/or changes in the hydraulic properties of the extra-xylary pathway due to processes linked to turgor loss and leaf shrinkage (Scoffoni et al. 2014 , Trifilo et al. 2016 . The ability of leaves to resist droughtinduced hydraulic dysfunction is typically defined as the water potential associated with 50% loss in leaf hydraulic conductance (P50 leaf ). Variation in P50 leaf has been shown to be adaptive in determining species rainfall limits (Blackman et al. 2012 , Nardini et al. 2012 ) and drought survivorship thresholds in angiosperms (Blackman et al. 2009 ) and conifers (Brodribb and Cochard 2009 ). However, little is known of the extent to which leaf hydraulic vulnerability to drought varies among populations from contrasting climates within a single species or how it might respond to changes in growth conditions, including changes in temperature.
Climate change-related increases in temperature are expected to increase the water-holding capacity of the atmosphere, and because relative humidity is not expected to rise dramatically (Trenberth et al. 2005) , such increases in temperature will result in increased vapour pressure deficit (VPD) and associated evaporative demand. Vapour pressure deficit is the driving force for transpiration in plants, therefore higher temperatures place increased demand on plant hydraulic systems to transport water from roots to the sites of evaporation in leaves. Most studies on the response of plant hydraulic traits to variable growth temperatures have focused on whether plants alter water transport capacity to match changes in evaporative demand. These studies have found inconsistent results. In stems, hydraulic conductance increases (Maherali and DeLucia 2000) , decreases (Thomas et al. 2004) or remains unaltered (Phillips et al. 2011 ) under warmer growth temperatures. While fewer studies have examined growth temperature effects on hydraulic traits in leaves, evidence to date suggests that leaf hydraulic conductance is responsive to changes in growth temperature (Medek et al. 2011 , Way et al. 2013 , Hu et al. 2014 . However, it remains largely unknown whether variable growth temperatures alter the ability of leaves to maintain hydraulic function under increasing levels of drought (but see Way et al. 2013 ). This is a significant knowledge gap given the evidence that rising temperatures will intensify plant physiological stress and shorten the time to mortality during drought events , Duan et al. 2014 .
Corymbia calophylla (R. Br.) K.D. Hill & L.A.S. Johnson (Eucalyptus sensu lato; family Myrtaceae) is an excellent study system for examining genetic variation and phenotypic plasticity in leaf hydraulic traits. It is an ecologically important co-dominant species in the Mediterranean-type forests of south-west Western Australia, occurring across major temperature and precipitation gradients. The species is well adapted to seasonal drought and heterogeneous soils (Abbott et al. 1989 , Szota et al. 2011 . However, recent heatwave and extreme drought events have caused widespread mortality of C. calophylla trees throughout its distribution (Matusick et al. 2013) , compelling land managers and conservation biologists to develop strategies to preserve the long-term viability of the species. One potential option is assisted gene migration Whitlock 2013, Aitken and Bemmels 2016) , whereby genetic material from warm, arid environments is transferred to relatively cool wet environments that are projected to become warmer and drier with climate change. However, it remains unclear whether populations of C. calophylla exhibit traits that are adapted to contrasting climates or vary in their capacity to adjust or maintain these traits under new growth conditions.
We grew four cool-origin and four warm-origin populations of C. calophylla under two growth temperature regimes, representative of cool and warm climates at the southern and northern edge of the species distribution, and measured leaf hydraulic traits related to water transport capacity (K leaf ) and hydraulic vulnerability to drought (P50 leaf ). We tested (i) whether K leaf and P50 leaf vary between populations from cool vs warm climatic regions (i.e., evidence of genetic differentiation) and whether variation in these traits is linked to home-climate across populations; (ii) whether K leaf and P50 leaf are altered by growth under the different temperature treatments (i.e., evidence of trait plasticity); and (iii) whether cool and warm populations differ in their capacity to adjust K leaf and P50 leaf in response to growth under different temperatures (i.e., evidence of adaptive plasticity). Specifically, we hypothesized that (i) inter-population variation in P50 leaf would be most strongly related to population home-climate variation in rainfall and/or aridity and (ii) across populations K leaf would be higher under the warmer growth temperatures (to match increased evaporative demand) at the expense of increased leaf hydraulic vulnerability to drought (less negative P50 leaf ).
Materials and methods

Plant material and growth treatments
Corymbia calophylla is a widely distributed co-dominant tree species within ecologically diverse forest and woodlands of south-west Western Australia. These forests occur under a Mediterranean-type climate characterized by cool, winter precipitation followed by a hot and dry summer period commonly associated with drought conditions. Within its geographic distributional limits, C. calophylla occurs across major climatic gradients in temperature and rainfall, with temperatures increasing with latitude and rainfall decreasing with distance from the coast. For this study, we chose four cool climate and four warm-climate populations of C. calophylla, with two populations from each thermal environment representing a relatively arid and mesic site, respectively (see Table 1 for population climate details). Seeds sourced from the Western Australian Department for Parks and Wildlife were germinated and grown in tube containers placed in a shade-house at Western Sydney University (Richmond, NSW, Australia).
On 2 April 2014, between 6 and 10 seedlings of each population were transplanted into 15 × 40 cm (diameter × length) cylindrical pots filled with a moderately fertile native forest sandy-loam soil (see Ghannoum et al. 2010 for details of soil properties). Three to five seedlings per population were placed in one of two naturally lit glasshouse rooms located at Western Sydney University. Supplemental lighting (Pro 650 W, LumiGrow, Emeryville, CA, USA) was applied at a photon flux density of 800 µmols m −2 s −1 from 06:00 to 18:00 h to maintain a 12-h day during the southern hemisphere winter months. Each glasshouse room was set to a different growth temperature treatment (max/min): 26/12°C (cool conditions) and 32/18°C (warm conditions), with eight diurnal temperature set points offset by 6°C (see Table S1 available as Supplementary Data at Tree Physiology Online). The two temperature treatments were chosen to simulate the average diurnal pattern of air temperature during the warmest quarter (i.e., summer) at the northern and southern end of the species distribution. Vapour pressure deficit was significantly different between the cool (midday mean = 0.44 ± 0.07 kPa) and warm (midday mean = 1.06 ± 0.15 kPa) rooms during the growth phase of the experiment (t-test, P < 0.0001), although we note that the glasshouse VPD for each treatment was likely to be lower than normally observed in the field at the climate of origin during summer. Plants were routinely rotated within rooms (weekly) and between rooms (monthly) to reduce potential environmental differences between and within rooms, independent of temperature treatments. Seedlings were well-watered throughout the experiment and fertilized every 2 weeks (Aquasol, Yates Australia, Padstow, NSW, Australia) to avoid nutrient limitations.
Drought treatment
On 10 July 2014, three to five seedlings per population within each growth temperature treatment were used to quantify the response of leaf hydraulic conductance to drought. At this time, mean (± standard error, SE) seedling height was 72.0 ± 1.4 and 68.7 ± 1.5 cm in the cool and warm temperature treatments, respectively, and did not differ between treatments (P = 0.11) or among populations (P = 0.11). Mean seedling basal stem diameter did not differ between growth temperatures (P = 0.47) or among populations (P = 0.23), and averaged 0.8 ± 0.1 cm. The drought treatment was generated by allowing the soil in pots to dry by withholding water. For each plant, leaf water potential (Ψ leaf ) and leaf hydraulic conductance (K leaf ; see below) were measured immediately prior to the start of the drought, and then on every third to fourth day as the drought progressed. Maximum levels of drought stress were reached at leaf water potentials immediately preceding leaf death.
Leaf hydraulics traits
Leaf vulnerability curves were generated for each population within each growth temperature treatment by measuring the response in K leaf to decreases in water potential over the course of the drought treatment. We used the modified rehydration kinetics technique, whereby excised leaves were allowed to rehydrate while connected to a flow meter Cochard 2009, Blackman and Brodribb 2011) . All rehydration experiments during the drought treatment were performed using potted plants inside the glasshouse under the same high light conditions. Initial leaf water potential (Ψ i ) was measured from a leaf adjacent to the sample leaf, assumed to be the same water potential, in the upper canopy using a pressure chamber (PMS Instruments, Corvallis, OR, USA). The sample leaf was excised underwater and immediately connected via silicone tubing to a beaker of de-gassed milli-Q water placed on a laboratory balance (MS204S, Mettler Toledo, Columbus, OH, USA). A pressure release valve ensured zero pressure in the system upon connection of the petiole. Rehydrating leaves removed water from the balance, which logged changes in mass every 2 s. The maximum rate of water flow (mmol s −1 ) was calculated from the first three to four data points of the rehydration curve, and then normalized by leaf area (m 2 ), pressure gradient across the leaf (Ψ; MPa) and water viscosity. For all populations within each growth temperature treatment, K leaf (mmol s −1 m −2 MPa −1 ) was maximal at water potentials greater than −2.5 MPa, and declined as leaf water potentials became increasingly more negative. K max was calculated as the average of K leaf values recorded at water potentials greater than −2.5 MPa. In each case, the relationship Figure S1 , available as Supplementary Data at Tree Physiology Online, shows vulnerability curves for each population × growth temperature treatment). Leaf hydraulic vulnerability was expressed as the water potential corresponding to 50% loss in K leaf from mean maximal values (P50 leaf ). In fitting each curve for each population × growth temperature treatment, bootstrap confidence intervals (CIs) for P50 leaf (set at 2.5-97.5%) were calculated. Where CIs could not be calculated using this method, P50 leaf CIs were calculated separately using the confint2 function in the nlstools Package (Baty and DelignetteMuller 2015) . In some cases, CI values for P50 leaf represented a wide range of water potentials, which limited exact determination of the water potential at 50% loss in K leaf . This may have arisen due to insufficient data combined with measurement error associated with, for example, water potential disequilibrium among leaves prior to each rehydration experiment.
Data analysis
All data in this study were analysed using the R v3.2.3 statistical computing environment (R Development Core Team 2015). We separated populations into two groups differentiated by cool and warm climatic regions. We then tested for the effect of climatic region and growth temperature (and possible interactions) on K leaf and P50 leaf using linear mixed-effect models (two-way ANOVA) with population as a random variable nested within climatic region. We also tested for differences in P50 leaf between climatic regions and between growth temperatures for populations from each climatic region, respectively, as well as across all populations, by fitting non-linear mixed-effects model to the K leaf vs water potential (MPa) data, with population used as a random variable in each case. Differences in P50 leaf were deemed to be significant if there was no overlap in CIs. For individual populations, variation in P50 leaf was not dependent upon growth temperature given that CIs generally overlapped (see Figure S1 available as Supplementary Data at Tree Physiology Online; Table 2 ). Consequently, we pooled leaf hydraulic vulnerability data across growth temperature treatments when comparing populations (Figure 1 ).
To test for evidence of climatic adaptation, we used linear regression analysis to examine relationships between population variation in K leaf and P50 leaf and home-site climatic variables (i.e., temperature, precipitation and aridity). All tests fulfilled the assumptions of normality.
Results
Leaf hydraulic conductance (K leaf ) did not differ significantly between cool (mean = 7.02 ± 0.19) and warm (mean = 7.54 ± 0.18 mmol s
) climate populations (P = 0.34), nor did it differ between growth temperature treatments (P = 0.92) ( Table 2 ). In contrast, we observed a significant effect of climatic region (P = 0.04) and a marginally significant effect of growth temperature (P = 0.08) on leaf hydraulic vulnerability expressed as P50 leaf (Table 2) .
Using data pooled across growth temperatures, P50 leaf was lower among warm (mean ± SE = −3.78 ± 0.08 MPa ) climate populations, suggesting lower leaf hydraulic vulnerability to drought in warm-climate populations. This difference in trait means was supported by a lack of overlap between P50 leaf CIs calculated across populations from each climatic region (Figure 2 ). P50 leaf also varied significantly among a number of individual populations (see Table S2 available as Supplementary Data at Tree Physiology Online; Figure 1 ). Specifically, warmclimate populations RHI (−3.92 MPa) and GIN (−3.96 MPa) had significantly lower P50 leaf than cool-climate populations CRI (−3.46 MPa) and CAR (−3.26 MPa), respectively (see Table S2 available as Supplementary Data at Tree Physiology Online).
Across populations, variation in P50 leaf was most significantly correlated with home-climate variation in temperature (Table 3) : P50 leaf decreased significantly with increasing mean annual temperature (MAT, r 2 = 0.76, P = 0.003; Figure 3a) , mean maximum temperature of the warmest month (maxT wm , r 2 = 0.67, P = 0.008) and potential evaporation (PET, r 2 = 0.69, P = 0.006). In contrast, inter-population variation in P50 leaf was unrelated to home-climate variation in mean annual precipitation (MAP, r 2 = 0.07, P = 0.26; Figure 3b ) and aridity (MAP/PET, r 2 = 0.22, P = 0.13), although it did increase significantly with decreasing rainfall during the warmest quarter (Precip wq , r 2 = 0.63, P = 0.01). Across populations, leaf hydraulic vulnerability was significantly lower under the warm compared with the cool growth temperatures, as indicated by no overlap in P50 leaf CIs (see Table S2 and Figure S2 available as Supplementary Data at Tree Physiology Online). When separated by climatic region, coolclimate populations showed lower P50 leaf under the warm (mean ± SE = −3.66 ± 0.13 MPa) compared with the cool (mean ± SE = −3.4 ± 0.16 MPa) growth temperatures (Table 2) , while warm-climate populations showed higher P50 leaf under the cool (mean ± SE = −3.71 ± 0.16 MPa) compared with the warm (mean ± SE = −3.90 ± 0.06) growth temperatures. However, for each climatic region, these growth temperature-induced shifts in P50 leaf were deemed to be non-significant due to overlapping CIs (Figure 4 ).
Discussion
We examined whether C. calophylla populations from cool and warm environments varied in leaf traits related to hydraulic conductance (K leaf ) and hydraulic vulnerability to drought (P50 leaf ), and whether changes in growth temperature altered K leaf and P50 leaf . P50 leaf was significantly lower in populations from warm climatic regions than populations from cool climatic regions, and variation in P50 leaf was most strongly linked to variation in population home-climate temperature rather than rainfall. Specially, P50 leaf decreased as population hometemperature increased, indicating that warm-climate populations were more resistant to leaf hydraulic failure. A 6°C shift in growth temperature did not alter leaf hydraulic conductance (K leaf ) but did have a marginally significant effect on leaf hydraulic vulnerability (P50 leaf ). P50 leaf was lower under warm compared with cool growth conditions, suggesting that warmer growth temperatures reduce leaf hydraulic vulnerability in C. calophylla seedlings. These results highlight the potential importance of temperature, both in terms of its influence on genetic adaptation and phenotypic expression of traits related to drought tolerance. Tree Physiology Online at http://www.treephys.oxfordjournals.org
Population differences in leaf hydraulic traits-evidence of climatic adaptation
To our knowledge, this is the first study to report significant intraspecific variation in leaf hydraulic vulnerability to drought in woody species (see Nolf et al. 2016 for intraspecific variation in Ranunculus spp.). Our seedlings were grown under common environmental conditions, and therefore our data indicate significant genetic differentiation between populations from contrasting thermal environments in their ability to maintain leaf hydraulic function during drought. This result contrasts with recent studies that have reported limited intraspecific variation in stem hydraulic vulnerability (cavitation resistance) in widely distributed European beech (Aranda et al. 2015) and Pinus pinasta (Lamy et al. 2014) , but is consistent with reports of significant intraspecific variation in stem hydraulic vulnerability in Pinus canariensis . Interestingly, variation in P50 leaf across all C. calophylla populations was most strongly linked to home-site climate indices related to temperature, with seedlings from higher temperature climates being less vulnerable to drought. These results provide support for the notion that higher temperatures associated with higher evaporative demand can place increased strain on leaf water transport systems, especially if plants do not make adjustments in other hydraulic traits that maintain homoeostasis in leaf water potential (Whitehead et al. 1984) . Moreover, they suggest that high temperature environments place selective pressure on local populations of C. calophylla for traits that increase leaf drought tolerance.
Given that P50 leaf is a major determinant of species distributional limits in terms of minimum water availability (Blackman et al. 2012 , Nardini et al. 2012 , it was somewhat surprising that inter-population variation in P50 leaf was unrelated to home-climate mean annual rainfall and aridity. Previous studies have also reported a lack of coordination between variation in stem cavitation resistance and population mean climate data related to aridity (Lamy et al. 2014 ). This suggests that other climatic factors and/or seasonal climatic patterns play an important role in driving adaptive trait selection. Indeed, we found that P50 leaf was strongly correlated with precipitation of the warmest quarter (Precip wq ), which, in light of the strong coupling between MAT and Precip wq (r 2 = 0.94, P < 0.0001), suggests that populations of C. calophylla from warmer climates receive the least amount of rain during the warmest months. In the context of a Mediterranean climate, where establishment and survival is dependent on physiological tolerance of extended periods of summer drought (Specht and Specht 1999) , greater resistance to drought-induced leaf hydraulic decline is likely to be adaptive in sites that are exposed to the most extreme summer conditions.
Growth temperature effects on leaf hydraulic traits
We observed no effect of growth temperature on leaf water transport capacity (K leaf ). This result was somewhat surprising given that temperature is a major determinant of atmospheric VPD, which in turn is a major driver of leaf transpiration. Previous Figure 2 . Non-linear mixed-effect models (vulnerability curves) of the relationship between leaf hydraulic conductance (K leaf ) and leaf water potential across populations from cool (blue) and warm (red) climatic regions. For each model, P50 leaf (solid vertical line) and the 2.5-97.5% CI (broken vertical lines) surrounding P50 leaf are indicated. A difference in P50 leaf between populations from cool and warm climatic regions was deemed to be significant due to the lack of overlap between CIs. studies on the effect of variable growth temperatures indicate plants have the capacity to increase leaf water transport capacity when grown under warmer conditions (Medek et al. 2011 , Way et al. 2013 , Hu et al. 2014 . However, our results suggest that K leaf may be unresponsive to changes in growth temperature in C. calophylla seedlings. Indeed, a lack of growth temperature responsiveness in leaf-specific hydraulic conductance was reported in seedlings of closely related Eucalyptus saligna and E. sideroxylon species (Phillips et al. 2011) , although the same trait was shown to be responsive to variation in VPD in seedlings of E. globulus (Hernandez et al. 2016) . Despite a lack of responsiveness in K leaf , we observed a significant growth temperature effect on leaf hydraulic vulnerability to drought, with P50 leaf generally being more negative in seedlings grown under warmer conditions. This shift in P50 leaf suggests that leaf hydraulic vulnerability may be responsive to changes in growth temperature, and leaves produced under warmer temperatures may be more resistant to hydraulic failure. Changes in P50 leaf have also been reported in Populus tremuloides seedlings grown under variable temperatures, although in this species leaves were more vulnerable in plants grown under warmer conditions (Way et al. 2013) . Way et al. (2013) explained this increase in leaf vulnerability as a function of a trade-off with leaf hydraulic conductance, which was shown to increase under the warmer conditions. In our study, variation in P50 leaf was independent of K leaf across provenances and growth temperature treatments, suggesting that hydraulic safety may be decoupled from hydraulic efficiency in leaves of C. calophylla.
This leaves the question, what was the mechanism driving a growth temperature effect on P50 leaf in our study? One possibility is that plants under the warmer growth temperatures did not maintain homoeostasis of leaf water potential during midday . Non-linear mixed-effect models (vulnerability curves) of the relationship between leaf hydraulic conductance (K leaf ) and leaf water potential across cool climate (a) and warm climate (b) populations grown under cool (blue curve) and warm (red curve) growth temperatures. For each model, P50 leaf (solid vertical line) and the 2.5-97.5% CI (broken vertical lines) are indicated. Overlapping CIs suggest that for populations from cool and warm climatic regions, respectively, the shift towards more negative P50 leaf under the warmer growth conditions is not significant.
Tree Physiology Online at http://www.treephys.oxfordjournals.org transpiration, due to a lack of adjustment in either stomatal conductance or leaf structural traits related to hydraulic supply and demand (see Whitehead et al. 1984 , Phillips et al. 2011 . Because VPD determines how much water is transpired at any given stomatal conductance, plants grown under warmer temperatures would have needed to make adjustments in stomatal conductance via stomatal closure, or required higher vein density or lower stomatal density to achieve the same midday water potentials (Carins-Murphy et al. 2014 ). However, this does not seem to be the case in C. calophylla, which did not significantly alter stomatal conductance or stomatal density in response to the warmer growth conditions (data not shown). Thus, higher VPD coupled with increased transpirational demand may have driven water potentials lower in the warmer growth conditions, exposing plants to greater risk of leaf hydraulic decline during peak transpiration.
Given that plants maximize carbon-use efficiency in relation to the substantial construction and maintenance costs associated with water transport systems (Holtta et al. 2011) , increased risk of hydraulic failure might have been sufficient to reduce leaf hydraulic vulnerability in C. calophylla leaves grown under warmer temperatures. If the major driver of drought-induced leaf hydraulic decline in these seedlings was cavitation and the formation of embolisms in the water conducting xylem, then plants could have theoretically reduced leaf hydraulic vulnerability, without changing K leaf , by simultaneously decreasing conduit size and increasing conduit number (Holtta et al. 2011) . Alternatively, the reduction in leaf hydraulic vulnerability in C. calophylla seedlings in response to the warmer growth temperatures may have been mediated by changes in the hydraulic properties of leaf tissue outside the xylem. Such plasticity in leaf hydraulic vulnerability has recently been linked to osmotic adjustment and changes in the turgor loss point in response to seasonal drought (Martorell et al. 2015) . Meanwhile, warmer growth temperatures have been shown to alter the leaf turgor loss point in some species (Way et al. 2013) , which may also affect the expression of aquaporins involved in maintaining leaf water transport during drought (see review by Maurel et al. 2015) . We recommend further mechanistic research in this area to better understand the observed plasticity in leaf hydraulic vulnerability in C. calophylla seedlings in response to variable growth temperatures.
Response to future warming and scope for assisted migration
We observed significant differences in P50 leaf between populations from cool and warm climatic regions, so we could address questions regarding the response of those populations to reciprocal shifts in growth temperature. Our findings suggest that coolclimate populations of C. calophylla may be able to lower leaf hydraulic vulnerability under warmer growth conditions through phenotypic plasticity. This supports previous research that has highlighted the capacity of C. calophylla to enhance drought tolerance traits in response to soil drought (Szota et al. 2011 ). In the context of climate change and projections of further declines in rainfall across its distribution (Suppiah et al. 2007) , such plasticity in drought tolerance will play an important role in determining survivorship of cool-climate populations into the future.
Our findings suggest that conservation strategies, including assisted migration, may enhance the long-term survival of C. calophylla in the south-west Australian Biodiversity hotspot. Indeed, genetic material from warm-climate populations with higher levels of leaf drought tolerance should enhance the ability of cool-climate populations to cope with future increases in drought though enhanced adaptive variation and genetic adaptation (Aitken and Whitlock 2013) . However, our results also suggest that leaf hydraulic vulnerability to drought may increase in warmclimate populations when grown under cooler conditions, although it is unclear how this will be realized in the field. We emphasize the need for further mechanistic studies to assess the independent and interactive influences of temperature, atmospheric water deficit (high VPD) and soil water deficit on the growth and physiological response of cool-and warm-climate populations of C. calophylla before implementing assisted migration strategies.
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